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© Plasma treatment method and apparatus. 

® A plasma treatment method comprising exhaust^ 

U a process chamber (2) so as to J-^P-^J; 

pLss Chamber f ); ^^V^^^^^^^^^ 

rs^erercrdeTraPPlying ^-.^ ---cv 
a Shower irequency f. lower than an 

oas to the suscepter (5), and applying high Ire 
Sen ; power, which has a second V 
; gher'than an inherent upper - transit reque c 

influence the water. 
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The present invention relates to a plasma treat- 
oient method by which substrates soch as semi- 
conductor waters are etched or sputtered unde. 
plasma atmosphere. U also relates to a plasma 
treatment apparatus for the same. 

Recently, semiconductor devices are more and 
n^ore highly integrated and the ^^-^^XTl'tel 
therelore asked to have a ,mer workab.hty >n t e, 
r^aking course. In order to achieve such a tine 
workability, the process chamber must be decor^ 
Dressed to a greater extent, plasma dens.ty must 
bJ kept higher and the treatment must have a 
^Tgher'sele'ctivity. In the case o, ^He conven.ona 
plasma treatment methods, however h.gh frequen 
cy voltage becomes higher as output .s made 
larger and ion energy, therefore, becomes stronger 
than needed The semiconductor wafer becomes 
susceptible to damage, accordingly. Further, the 
process char^ber is kept about 250 mTorr . the 
case of the conventional methods and when the 
"egree of vacuum in the process chamber is made 
higher (or the internal pressure in the chamber is 
ll^e smaller), plasma cannot be kept stable and 
i*-? tiensitv cannot be made high. 

When gases are made plasma, the action of 
ions in the plasma becomes different, depending 
upon frequences of high frequency P°;^^^ '"J^"^^ 
ion energy and plasma density can be controlled 
independently of the other when high frequency 
oower havmg two different frequences is applied to 
process gases. However, ions (loaded particles) 
eaS run from plasma to the wafer at a frequency 
band but it becomes difficult for them to run from 
the plasma sheath to the wafer at another f e- 
quency band (or transit frequency zone). The 
called follow-up of ions becomes ""Stable. 

Particularly molecular gases '^^^^^Qe thei d s^ 
sooation. depending upon various conditions (such 
as ktnds of gas, flow rate, high frequency power 
aoplying conditions and internal pressure and em- 
TLl in tf,e process chamber), and the tollow- 
MD o( ions in the plasma sheath changes in re- 
onse to this changing dissociation. Further, the 
,onow-up of ions at the transit frequency zone also 
q pends upon their volume (or mass). Particular y 
,n °he case of molecular gases used in etching and 
CVD the dissociation of gas molecules progresses 
to an extent greater than needed when electron 
temperature becomes high with a little mcrease o 
high frequency power, and the behav.or of lons^n 
the plasma sheath changes accordingly. Plasma 
properties such as ion current density become thus 
Salable and the plasma treatment becomes un- 
even, thereby causing the productivity to be lower 

When the frequency of high frequency power 
,s only made high to increase plasma dens.ty. the 
dissociation of gas molecules progresses to the 



extent greater than r^eeded. It .s '^e-'^-^-'fJ^^ 
that the plasma density is raised not to depeno 
upon whether the frequency is high or low. 

An object of the present invention .s therefore 
to provide plasma treatment method and apparatus 
capable of controlling both of the dissociation of 
gas molecules and the follow-up of ions and ^so 
Capable of promoting the incidence of ,ons onto a 
substrate to be treated. 

Another object of the present invention .s to 
provide plasma treatment method and appara us 
capable of raising the plasma density with smaller 
high frequency power not to damage the substrate 
to be treated. 

According to the present invention, the e can 
be orovided a plasma treatment method of plasma- 
treating a substrate to be treated under decom- 
pressed atmosphere comprising exhausting a pro- 
cess chamber; mounting the substrate on a lower 
, electrode; supplying plasma generating gas to the 
substrate on the lower electrode through an upper 
electrode; applying high frequency power having a 
f.st frequency f, , lower than the lower lim.t of -on 
transit frequencies characteristic of process gas. to 
he lovver electrode; and applying high frequency 
power having a second frequency, ■^'9^;^ '^f " 
upper limit of ion transit frequencies characteristic 
of process gas. to the upper electrode, whereby a 
plasma generates in the process ^^amber and ac- 
30 tivated species influence the substrate to be treat- 

It is preferable that the first frequency f, is set 
lower than 5 MHz. more preferably in a range of 
iTo kHz - 1 MHZ. It is also preferable that the 
3s second frequency f. is set ^ ^^^^^^^ 
„,ore preferably in a range of 10 MHz - 100 MHz. 

High frequency power having the frequency 
lower than the lower limit of ion transit frequencies 
is applied to the lower electrode. Therefore, the 
.0 follow up of ions becomes more excellent and .ons 
can be more efficiently accelerated with a smaller 
oower in addition, both of ton and electron cur- 
rents change more smoothly. Further, the follow-uP 
of ions does not depend upon kinds of lon^ The 
plasma treatment can be thus made -ore s abe 
f.n when the degree in the process chamber and 
the rate of gases mixed change On the other hand 
h-gh frequency power having the frequency h.ghe 
than the upper limit of ion transit frequencies is 
LoDlied to the upper electrode. Therefore, ions can 
" be'len L from frequencies of their transit fre^ 
quency zone to thereby enable more stable plasma 

'° """orran'siffrequency zones of process gases 
55 used by the plasma treatment in the process, such 
as etching, CVD and sputtenng, of making ser^i- 
conductor devices are almost all ,n the range of 1 
MHz - 10 MHz, 
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impedances including such capacit.ve compo- 
nents tha, the impedance relative to ^;9^ '-^"^^ 
power becomes smaller than several kn and that 
L impedance relative to relatively low frequency 
power becomes larger than several n are arranged 
in series between the upper electrode and ,ts 
n^atching circuit and between them and the ground^ 
Current is thus made easier to flow to raise the 

^'^^™s1:tt:n';°arbe"more fully understood 
from the following detailed description when taken 
in conjunction with the accompanying drawings, m 

"^^FIG 1 is a block diagram showing the plasma 

etching apparatus according to an embodiment 75 
of the present invention; 

FIG 2 is a flow chart showing the plasma etch- 
ing method according to an embodiment of the 
nresent invention; 

FIG. 3 shows a waveform of frequency applied 20 
to an upper (or second) electrode; 
FIG 4 shows a waveform of frequency applied 
to a lower (or first) electrode (or suscepter); 

5 is 3 graph showing transit frequency 
zones of various gases; 

FIG 6 is a block diagram showing the plasma 
etching apparatus according to another embodi- 
ment of the present invention; 
FIG. 7 is a block diagram showing the plasma 
etching apparatus according to a further em- 
bodiment of the present invention; 
FIG 8 is a block diagram showing the plasma 
etching apparatus according to a still further 
embodiment of the present invention, 
FIG 9 is a vertically-sectioned view showing a 
housing and a ring member of the plasma etch- 

the ring member being cleaned: 

FIG. 11 is a vertically-sectioned view showing 

the nnq member being cleaned; 

FIG 12 IS a perspective view showing an upper 

shower electrode and a semiconductor wafer 

dismantled; 

FIG 13 is a block diagram showing the plasma 
etching apparatus according to a still further 
embodiment of the present invention; 
FIG 14 is a vertically-sectioned view showing 
the plasma etching apparatus when the suscep- 
ter is lowered; . 
FIG 15 is a vertically-sectioned view showing 
the plasma etching apparatus when the suscep- 

RG^'iTl a partly-sectioned view showing a 
wafer carry-in and -out gate and a baffle mem- 

RG 17 is a partly-sectioned view showing the 
water carry-in and -out gate and another baffle 



member; „i„.^-. 
FIG 18 is a block diagram showing the plasma 
etching apparatus according to a still further 
embodiment of the present invention, 
FIG. 19 is a perspective view showing a cover 
for the upper shower electrode; 

FIG 20 IS a perspective view showing another 

cover for the upper shower electrode; 

FIG 21 is a vertically-sectioned view showing 

the cover for the upper shower electrode; 

FIG. 22 is a plan view showing the cover for the 

upper shower electrode; 

FIG. 23 shows how the cover is attached to the 
upper shower electrode; ^ ^ , „ 

GIG. 24 shows how the cover is detached from 
the upper shower electrode; 
FIG. 25 is a sectional view showing the cover 
being cleaned; f,,rihpr 
FIG 26 is a sectional view showing a further 

27 is a sectional view showing a still further 

Ra 28 is a sectional view showing a still further 

R^ 29 is a block diagram showing a magnetron 
plasma etching apparatus in which plasma is 
being generated; k,«io 
FIG 30 is a perspective view showing a baffle 
member arranged on the side of the suscepter; 
FIG 31 is a vertically-sectioned view showing a 
hole formed in the baffle member; 
RG 32 is a vertically-sectioned view showing 
another hole formed in the another baffle mem- 

rg'. 33 shows plasma generated in the conven- 
tional apparatus; 

FIG. 34 IS intended to explain the relation of the 
process chamber to magnetic field generated by 
a permanent magnet. 
, FIG 35 is a block diagram showing the plasma 
etching apparatus according to a still further 
embodiment of the present invention 
FIG. 36 is a block diagram showing the mside 

3 Fr°^"is a sectional view showing another 

7S"T.s a sectional view showing a further 
vaporizer; ,,,, 
FIG. 39 is a perspective view showing a still 
further vaporizer; 

FIG- 40 is a sectional view showing a pipe .n 
which plural kinds of gas are mixed; 
RG 41 is a block diagram showing a plasma 
CVD apparatus provided with the -aP°"^«'' 
55 FIG. 42 is a sectional view showing the insiae 01 
the conventional vaporizer; and 
FIG 43 IS a graph showing the change of gas 
flow rate at the initial stage of gas supply. 
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Some embodiments of the present mvent.on 
L descnbed with reference to the accompany- 
Tng drawings. Referring to FIGS, t through 5, a f.rst 

aooarls 1 is assembled by alomite-processed 
rS:: plates. It is earthed -d a su^^^^^^^^^^^^ 
insulated by an insulating plate 3 is arrangea m i 
Vhe suscapter 5 is supported by >ts bottom through 
the insulating plate 3 and a support 4- 

A coolant Chamber 6 >s formed ^"^^^ 
^^rt d It is communcated with a coolant 

^■^PP'^' Q i< fnrmed in a suscepter 

An internal passage 9 is tormea 

_mb,yw.cric^^-^--^^^ 
rhlc^^Tt^ld^reXger gas such as helium . 
□as is supplied from a gas supply supply (not 
shown) to the underside of a wafer W through it_^ 
^'The top center portion of the suscepter ■ 

- T^ra'^^^ro^Tjrragrpower 
rpprfs-ng:" outside the process chamber 

^' A tocus ring 14 is arranged on the top of the 
susc'e tr; a.0% the outer ^-^--J-^^^^, 
the wafer W. It is made of insulating material 
draw reactive ions. , 
An upper electrode 21 is opposed to he top of 
the suscepter assembly. Its electrode plate 24 is 
Tade o s'c or amorphous carbon and its support 
K 9S is made by an alumite-process alumm- 

- --r rut' ir. s 

W on the suscepter assembly by about 15 20 
r.m It IS supported by the top of t^^^ process 
chamber 2 through an insulating member 22^ A 
plurality of apertures 23 are formed m its under 

03S inlet 26 is formed in the center of the 
^ . ni»t nine 27 is connected to 

;rs-wh,:ar:^^---^r- 

Ts supply sources 35. 36 and 37, re^P^^^^^^^^ 
The first one is communicated with the CF» gas 
throuah a valve 29 and a mass 
r CO— 32. ThTs^econd one with fhe O. gas 
supply supply 36 through a valve and a . 
now controller 33. The third one with the f^: ga 
supply supply 37 through valve 31 and a mass flow 
controller 34. 



An exhaust pipe 41 is connecter, to t^e bottom 
o, the process chamber 2. An -^-^ ^^^'^^^Y^^ 
also connected to the bottom of an ^^i^"" 

At Rnth nf them are communicatea 
lock chamber 43. Both ot tneni a 
„,th a common exhaust mechanism « '^^'^^ J 
; ovided with a turbo molecular pump and th- 'ija 
^he load lock chamber 43 is connected to the 
process chamber 2 through a Q^te ja^e 4^ A 
carrier arm mechanism 46 is arranged m the load 
o chamber 43 to carry the wa'ers W one by one 
between the process chamber 2 and the load lock 

chamber 43. „„,r.c w nf>n- 

A nigh >,e,uene, po~.r appMJ ™>"« f j", 

5 on an earthed circuit of the feeder rod 55 The 

fn t^ enabt signal to be sent from the first osclla- 
or 51 to the amplifier 53 through the bypass cir- 
cu t High frequency signal oscillated is applied to 
.e sus'cepter 5 through the P^-^ ^..^ ; 

the amplifier 53. the matching unit 54 and teeo 

rod 55. . „^^;iiatnr 61 

On the other hand, a second osciiiato 

.„ S 65 ™ .mpmud. modulator 62 is eonoeCed 

switch (not shown) ^^^^^^^ ^^^^^^ 

46 from It to the ar^P generator and the 

circuit. The a-P ;s - RF 9 ^^^^^^^^^ 

^stiihtv: ■reacted to the feed, rod ^ 

--rreSh:^.^-—-- 

" rhlreouency Signal oscillated ,s applied to fhe 
Ze e-'^Zl 2? through the a-P^'ude mod . 

R9 thP amplifier 63, the matching unit 64 and 
.releder rod 65. High frequency signal having ,he 
of 800 kHZ can also be applied, as 
" Modulated wave o the amplitude modulator 62. 

"^"^The reason why the earthed circuit of the eed^ 
er rod 55 includes no inductance resides in that the 
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rhamber 2 is further exhausted to set its imc 
chamber ^ .s ^^^^^ ^^^^p s2). 

^"The aw s and 30 are oper^ed, and CU 
, Z oases are introduced into the process 
ra.?er T^Z^ no. rates are co-.d and they 
=.rB mixed at a predetermined rate. The (or. 
O ^ m xed gases are supplied to the wafer W 
Z.7tLes 23 o, the "PPer show. e,ecU^^^^^^ 
2t (Step S3). When the ^J^J,^" " 

chamber 2 becor.es sta^^/\f p^^, and 

;r^icr^^nnTrr^^.atrp.^^^ 

nTeCoesof hi,hfrepuencv power app,,e^^^ 

-:rsLrr:;=r:f:r;ep 

Tho .switches SW, and SWj are opened to 
The switches b , ,g ,he 

disconnect (Orr) 'ne i-aH° 

,„.„c..nc. er ';-J-„XdV— ^^^^^ 

State high frequency power navmy 

. ■ =nnliPd to the upper electrode 21. 

-rra;irrrre.::^o^^^ 

"^^o: Srher^rartgh .re^uencv power hav- 
ino a enain waveforr. is applied to the lower 
rLLe SPy the oscillator 51- H,gh frepu^^^^^^^^ 

,o.e. — --;:s-:;:^^"z:;t:i 
renrc;^:nd'o::::^s:ppl.ed,o^ 

electrode 5 H,gh frequency power having 



waveforrr, shown ,n FIG. 4. .or e--P'e.J= -PP'^^ 
to the lower electrode. Ions m plasrr^a are thus 
accelerated ar.d drawn to the wafer W, passing 
"rough t^e plasr^a sheath, to thereby act on the 

^''"h'^ high frequency by which P'asma is gen- 
erated has the waveforr. showrt - ^IG^ 3 -n^^ 
case Therefore, the dissociation of gases intro 
Tedl'o the process char^ber 2 i-ot a .anced 
to an extent greater than needed. \ 

e China are generated, therefore, they can be rr^ade 
etching are y ^^^^^^ 
incident onto the water w therefore 
to act on the wafer W while cooling '^^heretore^ 
Inilotropic etching having a high aspect rate can 

"Thrphase control of the high frepuencv^^^^^^^^^ 
(Uequency. 800 kHz) applied to the ^o^^^^^'^^ 
hfi based on a state under which the Ois 

mey .r, Ih.n cor-taned agin and b.com, radicals 

::;:rc:rn;ir^™rr£^^^^^ 

Ptrhina coating and the like. 

"" Sec ,he end pen, o, • ' 

d««,.d (s.ep S5), exn.u«. P'~«»|f -"S* . 

~:irrrd\^^^^^^^^^^^^ 

the above-described step S3, are supp 

the'ptsl'control step SB, p-asnta ,s con^ 
„ c:f.pn at the above-described 
''°'%r"::::Z Z^Z^r^JZo^o,. etchmg IS 
50 step 84. When ^ • ,he high fre- 

:irpr:ris";op;:dr:th.%rocesscha.^^^^^^ 

2 s hausted wh„e supplying nitrogen gas int i 
(Step S10). The gate valve 42 is opened and the 
W is carried fror. the process char^ber 2 into 
.HeloadlocKchamtjr43(stepSnV 

Referring to FIG. 5, the pias.nm^ 
S4 and SB will be described in rr^ore detail. 
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P,r 5 isagraphshow,ng.ontransit1requency 

I. A,, an .on --^^--^^jr^rB. an. an 
,rom an upper end Bo to a lo ^ ^^^^ 

ion transit trequency zone °' 9 3 

.ore gases selected tro. the gro P ^^^^ 
CF». CFa, CHF3, Ar ^3 be one 

rcr^*?o^-ro...;c;.-H.,. ^^^^^^ 

Au, Bu and Co ana tn a ^ frequency 

applied to the lower electrode n ^^^^^.^ 

lower than the lowest one C, l^-e. 

frequencies Al, Bl and CI- conducted 

■'nt\:«.rS*1ndSW, ...Close. 0, 

r^oprt the signal transmission cir- 
^"TtTnel^arercircoits.'High trequency signal 
cu,ts to their earthe ^.^^ ^i.ectly by the 

(frequency: 800 kHz) ^ controller 52, 

^'^^'"^V'.'^o'rs^scl er ^ th:ough the match- 
and -P^'ll'^^XTJer hand, h.gh frequency 
ing unit 54. On the ^.pnced directly by 

3.gnal ('-^7-\fp3'^3" ; f.e amplitude modula- 
eT' applieJ to the' upper electrode 2t via 

Conventionally, the "latcning 
,.3ideo,thesusc^pteMS — 

high frequency o' f ° ^ ,,equency of 27 

ir^pedance relative the h 9 ^^^^^^^^^ ^^^^^ 

''^^H^i rtor the high trequency applied 

making it d.fficul tor m y g^jscepter. 

from the upper electrode t° ' '° ^en- 
Plasma is thus scattered, so that P 

sity decreases. capacitance 

In the apparatus 1, n _ 

56 is arranged between ,,,3 formed 

relative to the h^n q capacitance 

upper electrode. When th ^ 

56 is ad.usted, considering t ,e im- 

fr,buted constant circuit, thejj°'e. ^^^^^^^ ^ 

re^m-k^iteTsrrr^.--:-- 
Uor. the upper electrode to How to 



c. Therefore current density can be 
^S'^dVsr^ensity thus anained can also 

"rie other hand,t^ca^c^---- 

arranged on the side ^^^^ ^^^^.^^^ 

Therefore, a r^^"!" ency of 800 kHz, thereby 
relative to ^^^J^fJ^^S^ frequency 800 kHz 
making .t f Jf^, ^^^^ 3,3cepter 5 to flow to the 

'''''' Tc IVe 21 The rnddence of ions in p.as- 
,pper electrode 21^T 3,,,,,;,g„. 

Z:^Z - Jency P-^^r ^e: 
quency 27 MHz ^j^^^J.^'^^^er having the 
electrode 21 and h, h ^-^^^^^I'l 5 in the 

, plied to the lower electrode 5 has q 

Ler -n r ghreqlncy^ower 

plasma sheath to bias -Qu^-s^eco^^^ ^^^^^^ 
e.en When the rate of e -x^^^^^ are a little 
3, of vacuum in the proce 

changed. Therefore plasma 
onto the wafer withou scattering ^^^^ 
sheath, thereby enabling a 
achieved at high speed. ^^^n the follow- 

up of ions IS n ^.^^^ electrode and 

q.ency P^-^^ jff^,^-,,,,, accelerated with a 
rairpowerTaddition, plasma itse. can ^e 
St stabile. A m.e 

;rstrmra:d^;e^ate Of gases mi.ed 

'""7 "nh.r when the dissociation is controlled not 
Further, -^"en^ ,uan needed and 

- to ° ^;;tfrequency power applied to 

high aspect rate can ^^^^^^ reduced, 
damage ^PP^^^ '° t>e made high without 

:Srn:;h^h:h fZency power and its frequency. 

and ion control can be ^^f J^;",,3,,bed refer- 

A second embodiment will be 
r,ng to FIG. 6. Same cor-PO-nts - ose 'hje 
above-described first embodiment wi 
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quency power suPP^esJ . is 5 

142. The pnmary side °' then 
connected to the f.rst power supply 1 
earthed. Its secondary s,de - "^J^f /^^^ ^ ,,3, 

upper and lower electrodes 21 and 
,ow pass t,lter 144 is -ranged between t ^^^^^^ 
dary side and the upper ^^^^'^f^^^^^^^ and 
low pass finer ^^l^^^^^^^^^^^^^ 141 
the lower electrode ^^^J^'J;' J^^,, ,,,ing the 
serves to apply high frequency p 

power supply 141 380 kH yy in a 

(poly-Si) film .s to be etched, P 

range of 10 " ^ J^^^^^ has a controller 143, by 

The transformer 14^ nas c 
wh,ch the power ol the f.rst power supply 1 
H,strihuted to both electrodes 105 and 

each other by 180 are 

105 and the upper electro<ie 2r ^^^^^ 
The second power suppW 1^1 ^^^^^^^^^ 
high frequency P°-^^^!^'I'"f, ^e upper electrode 

" " T52 and hefear?^^^^ Th,s plasr^a gen- 
''7no arcuft fs calied P mode one. It is optimum 
erating ^'rcu^ .s frequency power ap- 

10.100MHz. ^^ide filrr^ 

,,j;,:;::srirw,s^hedbythe 

^^"rwtSnr:t:^scepter10S 
.a^^eTardheld -e ^the e„ 
chucK 11. The c -be 10^^^ ^^^^^^^^ 

while introducing CF. 9^^ '"^ frequency 
pressure reaches about 10^;°". "^ ^^.^orid 
;.er o, ^3-^^-",^;;r^ ; r^rctLe 21 to 
power -PP'V ^. JV'asma'and d.ssocate gas 
make Ci-» gas k ^lortrnde 21 and the 

to t». Wf' '° ; „„„,ic „«s in 
=r.d 105 Ions anO radicals such as nuu 

^sr-Jgas molecules ^^^^^^^ZZ 
suscepter 105, thereby enabhng silicon 
tfie wafer to be etched. 



are attained m th.s case oy 
power having a higher requency a^rjd^^pp^^^ ^^^^ 
the second power supp y .^^^ 
density plasma can J^^^^ ^fji'^.or^trolled by 
activated spec.es m ^'^'^P'f''l%Hz applied to the 
the high frequency power ot 380 kHz aP^^^^^ 

upper and lower applied to 

a'lre highly selective ^^^^Tu^^'e high 
ihe wafer W. ^°-^^;;;Z Z :eZeLy ^^.SS 

:;r^r;^=^:rm^owever, 

the wafers W cannot be dar^aged 

The first and second ^, . 

145 are arranged o the ^^^^^ ^^^^ ^^^^^^^^ 

havinq th? eguency o. 13.56 MHz and 
power the t q ^ 

, applied frorn the seconrl ^p^ 

eritenng into the ^ ^^^^^^^^^ ^^^^^ 

former 142. Theretore .^^g^. 
having the 'e^^ency o. 380 kHz. 

T rrk,n°gU^a sUble. Blocking capacitors 
5 thereby making piab ^.^^^^ ^44 

niay be used instead of the lo P ^^^^ 
and 145. 

been continuously appl^d to t ^^^^^ ^^^^^^^ 
3„ ;rgarweaTpr^ca,rymaybeappliedtothe 

200 will 

^ tr, FIG 7 Same components as mu:. 
;:rare-deSb:d first and second embodiments 
3s will be mentioned only -^-" "^^^t of this appara- 
A high .'Te second embodi- 

tus 200 is different from that ^05 of the 

rrient in the following points. A suscepie 
apparatus 200 ,s not °;aTansformer 

- -rafdrsron^^-Bais^^^ 

erate high ^-^-^^/^oflh transformer 282. 
,5 nected to the pnmary side «' ' 

.hose secondary side are - -^^^^^ , ,33 

'°^"/'^^ro? the dis^tuTon of power ,s also 
rhert^condary side o, the transformer 

" „ will be described how the etching treatment 

,s carried out by the apparatus 200. 

"'^^rs^h-n:d\o^n::hi^^ 

phases are shinea suscep- 

plasma between theov ^^^^^ ^^^^^ 

frequency powers of 38U khz 
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274 and 281 in the th,rd ^^^^^^^^^^ 
independently ot other in st.ort, th y ^^^^^^^^ 

rerrsr:ia.o.sta.e 

etch,ng treatment to be ^al.^^^^^^ ^^p. 

'""'"?^o oow er supplL 274 and 281 to 
Srp^-To.ere,ect.desa,- 

'--^*?'-::ar.teTrt:e"n\re upper 21 

''?r lower e e^Le 205. As the result, a h,gh 
and the lower electro ^^^^^^^^ 3^,. 

density plasma .= .„^a ^an be raised, 

cency of controlling .ons n plasma ca ,^^^^ 

A tourth e-'^^^'^^f^r's^te components as 

--:;^faSc:s;r;^--— 
-r:r^:Js.T2^.chi.appa^^^^ 

charr^ber 30Z A top ,„ges 

temperature. ^^^J^^; ,33,3,3^06 heating una 
by inserting a .^3^,3,1^9 sintered body 

such as tungsten ^" '"""'^ 3,^, -,3 3uppUed to 
^ade of aluminium "^""'^^ ,J 310 to 

this resistant heating ^"^1 wa J W in such a 
control the temperature of ^^^. W is raised 
.ay that the treated face of the wafer W 
,^ determined temperature. _ 

^igb 1-quency power - P^^^^^ 
nected to the suscepter 305 th^ 9 ^^^^^^ 
capacitor 318. When the >«afer W 
t.e high '-^--^^ P;tl9 t t.e uscepter 305. 
the power V ^^^p^^ed by a shaft 321 
The suscepter ^"P^ shaft 321 of 

suscepter 305 not to leak gases m P 

chamber 302 outside. process 

Reaction P-^^'l^f ,f ll dl achably at- 

"rrtore or or -fer^c^^ the suscepter 
tached to the outer ^ (tetlon). PFA. 

polyim.de or kbhp y msulation in a 

temperature range 3|^^,n,um that has 

500 -C or o ; ,3t11e plate 326 is 

insulating film on its s.rla^e. 



.ade integral - U. A Plujlity of ho.J 3^^^^^^^^^^ 

,ormed in ^^e,, ^^""^ ^ J ^ ,e J cess chamber 
in adiust the flow of gases in i h 

pressure d'««^«"'=^'^'!^le low of gases. A top 
and a space downstream the flo 9^^^^ 

portion 327 of the nng 325 b^"^ , ^nake 
fng adiacent to the e'e j^jf S - 
the top of the suscepter 30b exp 
possible. arranged above the 

electrode ^f j^l^^^ ^.^^ 332 is connected to 
hollow and a 9f "P^/j j^^^oduce CF. gas and ■ 
this hollow portion 331 to 'nt ^^^^ 

o„ers from X?3^%'h oVg^ ' -ss'^w cont 
r^rQ^3^ A di«usl plte 335 is arranged ,n 
, ler (MFC) m promote the uniform 

the hollow portion 3Ji 'u w Further, a 

diffusion or scattering of ^[-^-'; ^^^l^-,,^ 3 plu- 
process 9- introc^-n^;- ^^/^..er ^ 
rality of apertures 336 is a y ^^.^^ .^^ 

sion plate 335. ^ -;*,3°,P3T3ystem provided 
communicated with J^^" ^ ,„,n.ed in the 
.,th a vacuum pump 3, ,he lower 

side wall of the P--" p "ce^^ 

portion thereof to exhaust the P 
30 302 to an internal pressure of 0.5 . 



^'^When the wafer Wiset^e.;"- -cess 

Chamber 302 '^^^o'Ss ^^ ^^"'^ P'^^^ 
they adhere to tne y „,-„nce of the suscep- 
3s 326, leaving the outer ^hen the 

ter 305 substantially '^^^ "° ^^^^^ is earned 
etching treatment .s finished. ^^^^ ^^^^ 

out of the process chamber 30^ .^^ 

A npxt new wafer w is 
chamber 43. A nexi 1 process 

^ ,rom the load ^;;^^^;;t it When this etching 
chamber 302 and etched in r ^^^^.^^ 
treatment is repeated '-.-j '^^^' 
products adhere to t e ring 325. 

'T"Jr3 2 is oUd and the nng 325 
^5 process chamber is h Reaction pro- 

is detached from the suscepter 305^ 
ducts are then removed from 
cleaning. . 325 must be 

The time at which tf^e nng 
rlPaned is determined as follows. 

counted ano wuc 

and/or at least m tjecomes larger than a 

p,pe is counted and when oe 
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bee. cmed .e.ches » p.««W" 

D,, o» wet cl.arat.9 'S usea. ' 
,s cJed ou, ,n > "'V ^^-^^^^ 

» ■''li:7^,tZ«.><':0 .c™ me 

rrerr----^-'"^'"-"'""- 

ber 302. as shown >n FlG^lO. 

° ?A (»op.op,l alcoNo,,. «aw; »■ 

FIG. n- ^ 33 cleaning liquid 

...... 

nia treatment is then repeated ^^^^^^ ^^^^^^ 

The dry or wet cleaning can be app P 
used to remove reaction products ir-rn i 
.PS When the dry cleaning is corr^pared with the 
S one ol-er'the 1orr.er is —r in carry ng 
it^ cleaning is more incomplete. To the 

'^^.e^e^o^itt de irSe that the wet clean- 

"""Tt^nS win .e described r.ernng to 

FIGS. 12 and 13. p,e1erable that an 

AS shown .n ^^'^ . ^ . ^^an a diam- 

etiective diameter D, is f represents a 

n Tho ptfective diameter ui -cij 
eter D2. The eneci .^^,^g 

denotes that °' ^^is manner, a high 

eflective diameter D, .s ^^t '"^^^ ^^^^^^^ 

eflicient ^J^-S^JV; p.elerable that the 
Sre'd-ameL o, is set to occupy at,out SO. 
of the diameter D2. 

^■rrs rsr.,r or" eSd 
r;°. raid .» -a™- o. - 

following inequality (1) 



< D2 < D3 



(1 



insulating 1 



the whole of which IS made of 
.J, ,s used as it is, the effective 



e.„e« .he . .e. o «J » 

ri^Ttr/eC.- 

.^inle,,.. .0 me ^r.:!/, 

r;r.e"S.sec.a..,---^^^^^ 

3,e„ -«;a/""-;,'^;;"«^' IL=l.. .me, 

:":^Lrp».°-3-.-^frr 

, an upper half 363 ana a .u 

„o,,i;,tnr 362 between them, i ne up^<= 
,ng an insulator 36^ o aluminium and 

363 is made °' ^' ^^J^' ,„',,g,3, the inner 
^"rr3eT: tTe' e;S:326.\ power supply 
which s Is to apply high frequency power to 
,5 319wnicns« connected to these inner 

;:.:rx;m.\...e.a,e-.o.PP-- 
r;.r;e":.me^.a.36v>sc^^^^^^^^^^^^^^ 

,,36B A»-e, susc.P.e 365^ 3,, ^he 

r;.736r„,:e::,...so.---r, 

from the upper half 363 thereof by the insuia 
3^2. ^ . n, the baffle plate 

When a. '^-^ '^^'/^f ""J, he upper elec- 
326 which IS positioned ^-'^J^Jl^.^^.^.^.p. 
trode 330 is made same m potent.a ^^^^ 
,5 ter 305, as described above, plasma 

,n FIGS 14 and 15. it will be de- 
Refernng to process 
H hnw the side opening 4i oi mo h 
scnbed now ino = r- earned 

is moved up and down^ 

';;rs?scTp;f30l Thriiner mLns 320 
encloses p,„cess chamber 302 and 

, ~te:3?5^ssupUdbyf-shan32^ 
the lifter means 320. ^^^^^ 

, r.:Fra r:z:inZ^^e . posmoned 
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A^ \Mhpn it is moved 

,,n as shown in rib. i=. 

When ^^^;^l^^'^j'^^Ze6 lower than the 

b^'^^P^'«^^^fJe,,Te the wa.er W can be 
side opening 41, therefo ^^^^^^ ^^^^^^^ 

freely carried in and out o ^^^^j^ 
302 through the aide °P^«"'"9 ! an the side open- 

^-J'^etS^^S-^^^-^-^^^ 
,ng 41 at the lime ..gi^ed Irom the process 

the side opening 41 is sn electrode, 
space between the upper ^'^^'^^'^Jlng into the 
thereby preventing plasma Irom entering 

side opening^-*;^ ^^^^^g^d that a '5 

As shown in Fit.- '\ \ circum- 
shieldmg plate 370 is an-^^^f '"^^a that the side 

opening 41 is ^osed by particularly, 
^hen the suscepter 305 is mo ^ P ^^^^^ 
the side opening 41 is too supplied, as 

■"•'nrira'tr™ «,^.en ... 

purge gas. into a ^^^^ p^^. 

^^'^'^'^ale! 3'o2 n^oTt ^rse process gases to 
cess chamber ju^; nu. c;milarlv purge gas 25 

363 ot the ring 325. ^ 

"••»\r°srrr^rar.-s«*,..^- 

components as those needed. 
,„,i^ents will be rnentioned only w ^^^^^^^ 
A CVD apparatus 500 a P 

bar 502 by hinges 505 _ a 
formed in the center portion J" . pg 

,he underside ^^--\,7;nr,rs o'wer' head 
507 IS connected to the 'oP °' ^ ^ 3 
506 to introduce '^'^'l^J'^ .S^L^,, head 506 
process P^:^'^°l,,,e, (MFC) 510 A plural- 

through a mass nu formed in the 

,fy of gas letting apertures 5 ^^^^ 

rs^p^rjn:-""-^^^^ - 

ertures5il. c, a which is communicated 

An exhaust pipe 6 6 wH.h to the side 

Te'nlbe o articles contained m the gas 



,s decompressed to about lO- Torr by the ex- 
haust means 515. ^^^^^ p|3,e 

supplied through a cooling water pipe 

plate 521 through a ^^^ater ^^^^^^^ 
526 and the - -^^^^^^^^^ insulating 
'\^?7^:;' --"r^sh^ sudace to retlect 
: t aJiate? .^m around. The -a- 526 is eat- 
, S to a P-^etermined temperatu ^00^^^ 

r-^t^hCr.rrerron^^^^^ 

?r:;"33%"v:riab;e DC voitage supply (not shown) 

I's connected to ^^^^-"^-^/t^^'er^ sensor 

A detector section 538 ot a teryp 
,3, ,3 embedded in the suscep^ ^Jf, °J,,,,ed 
sively detect temperature n tf.e 
stage 525. The P°^«^ °< J'" is controlled 

which IS supplied to ^^t;^'',Vtemperature 
'-^T^TtJ^t^'T^Z^ef. the 
- rsSpter S25 through a memher --0 -ve it 
.p and down. Those ^1^°"^^^°^ ^'J^l 545 are 

.oimidazole) or polyben.oazo e^^.hich ^^^^^^ 
,0 tors and heat ^"-J^^^ j^^.^„,„ed stage 525 is 
CVD -PP-aJ"^.;"„^ ^0 cat the time of plasma 
heated to about ,,3, cVD appara- 

^^tTat;rianratrreS;U":d-a,ionheat. 
such a ™»"" ' |„ge-a,amel«t opemng 

„,.a 506. w gas i«n»8 

--•'^•"T„*.r';:rp= "p.-- 

" L, llTmed^n M ».e, 560 These 

Sr,S;:a»,nS-h,hes.o,,»sh..,, 

,o,n,ed in the outer circumference of the s 
rdloewhUe Claws 571 are formed on an 
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circumlerence 562 ot tne 

interval, as shown ,n FIG. ■ ^^^^^ be 
AS shown .n Fit.- g way 

attached to the ^^°^^^;,7^/°cesses 573 of the 
that bolts 575 are -^'^If'^ZTs^de 562. 
rrwr~:;°ppere,e.roae cover 

is cleaned. u,\ for example, 

24, the top lid 5UJ -[-^g cover 

^-^^^^ '^"'^rseT-r^^^^^^^^^^^^ . 

560 is then immersea in cleaning 2" 

container 580 (wet cleanmg), 0 th ry^^,^^ 
^3, be conducted ,n such a way^t ^^^^^^^^^^ .^^^ 
such as C1F3, keeping the cover 

^^•^^"T.tTe slower head 506. 
560 attached to the^^o ^^^^ 

The time at whicn i ^^^^^^^ 
ducted is deterrr^ned as to ^^^^^^^^ ^^^^^^^ 

^^^'='r ^rJS^t s unted hv the counter 517 
the exhaust pipe 5ib is ,he 
and when It becor.es larger ;an^ ^^^^^^ 
cleaning o1 the cover 560 .^e top 

AS shown in ^ l^.^b^ ^^dition 
503 -.ay be covered by a co ^^^^ 
to the shower head 506. Or the ^ ^^^^^ 

p.ocess Chamber 502 -y^ --^ 3hown 
5B6, in addition to the show ^^^^^ 
in FIG. 27. An ^^"'""^ the side opening 
586 in this case, correspond to ^ ^^^^^ 
c, the process ^barr^ber 502^ ^^^^ 
having a curved bottorr. 59t may 
shown in FIG. 28- described referring 

^jrV9tC"3:' sar.e -ponents as 
Sose in the Bbove described embodiments will 
n^entioned only when ''^^'^^'^^ type plasma 

^3 Shown in f ■ f ,^33"3^,t3ry magnet 627 
etching apparatus buu |„^er 

electrodes 624 ana o introduced from a 

chamber 602. P-^^f^J^;^ ^p^ce between the 



p„,e 604, . coo»"a ; „„g 612 A 



. . . filter 610 and a variable DC h.gh 
is connected to a inter o q ,5 

voltage supply 611 ^ ^ fj^^ ^ ^,„e.nal pas- 
intended to cut high '-^--tg\loc. 605 and 
sage 613 is '^^ JJ.^d S^e^" " -d a cool- 
liquid nitrogen ^'^^f through pipes 614 

ant supply supply f ^ at tops of 

and 615. A Qas passage 6 6 ' op ^^^^^^^ 

the suscepter 603, ^"^^ ^J^^^ ..^^epter assem- 
block 605. P«^='"9^'^°Xe gas passage 616 .s 
r^wTh a he t elhan'ger gas supply 
communicated with ^ "e exchanger gas 

supply (-\.^7;V /the'underside of the wafer 
such as helium gas to ^^^^^g^^ 

^ ^'"^te suscepr603 and the cooUng bloc, 
between the s^si-cw jjgn^j.iike ring and it is 
605. It is shaped iKe ^^^^^^^ ^^^^ 13 

several mm thick J is a res s ^^^^^^ 
connected to a filter 619 521b are con- 

Inner and outer pipes 62ia ^^^^^ 
„ nected to the suscepter 603 J^d J ^,^^3, 
Chamber 602. TheV are condu. ^^^^^^ 
the outer one 62 a ot ^ to a high 

inner one 621b of which .s c 
frequency power supply 62J ^^3 has 

torVThehi9bl2|--^^-^;encyof 
an oscillator - "^^^f ^^^t.^duced from a gas 
13.56 MHz. inert gas is ^ clearance be- 

supply supply outer pipe 621b and 

tween the inner 
„ also into the inner pipe 62 id. ^, 
" ' Except the upper electrode he inner f^^^^ 

r:^r^-o:r62.3^^^^^ 

3. -:r^r^-r;:Sectionlayere26,3 

mm or more thick. plasma 

, the ---1^'^^^^^^^^^^^^^ 
etching apparatus, the ^^^^^^ chamber, 

gather near the inne - ;,,^^ 
<o as Shown in FIG. 34^ ^^^^ .^^ 3,ds w H 

irradiated in a direction damaging it. In 

of the process ^^^"^^^^^ ,^3 gOO, however, the 
the above-described apparato ^^^^^^^ 

SthrtsSal^^Son layer 626 so that,, can 

^^----Tioi^::Sc;^°^^^^' 

tems o, the apparatus 60U ,^ 

chamber 602 through 't, ^^^^^33 

also c°""«='«^^°Jtwrport,on thereof to ex- 
chamber 602 at lowe P 3, ^^haust 
haust the P'ocess '^;"'^^.,^,, ^^^^ ^ ,3c,,m 
-:^A":ivet?.sa«ached to the exhaust pipe 
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. p.f^ 30 a baflle plate 635 is 
AS shown .n FIG. 30^ ,g,ence of the 

arranged between the °"'er c.rc ^^^^^^^ 
soscepter 603 and the -nner ^ 

=7re3rr:rn ------ 

°' . in FIG 31 each hole 634 is t,lted. 

As shown in FIG. Ji. ^^^^ 
Therefore, the conductance of gas r 

baffle plate 635. ^^^^ 53^^, 634c '5 

../e3rerh':a.ngasa.e.^^ 

'°-^'^r'^i^:^ireS'hr634A.Th,s 

°r634A ca be formed when the bafile 
exhaust hole 634A can d« 

plates 63Sa^635b, 63^.^ ^ holes 634a, 

^pon the others ^^ifted frorri their 

634b, 634C ^f^'^^^Ze eLusr holes 634A are 
adiaceni ones wne.i r-igcma qRnecation 

teemed, .t,~™.1 discharses " f""" 
can K more We 692 ,n 

p-^-rrr: «L ,0 no. 
:,redTrd^re„-^^ 

dr.ven is ^gde anticlockwise in a 

Se :.bausted --^,--trurtrr 

speed of exhausted gas can be raise 

w m^nt will be described refer- 
A seventh embodirrient w,U b ^^^^ 

""^ " LVwafe W 'n S seventh plasma 

torm film on the waier w i 
CVD apparatus. Same -^rwHl be mentioned 
above-described embodiments will 
only when needed. 

The plasrT^a CVD apparatus 700 has y 

1 * t.de o. coodoc«.e ™,=..a. .0=^ 

H i, insulated from the wall ot me 
aluminium and It -s ^^^^^^^^^^ ^^^^,3, 

process ^^^^'^^'/J^^^^s ,,nnec.ed to a powe, 
7U. A heater 716 which ^^^^^ ^ 

supply 718 IS ; „,^,ng tempera 

'""J hea er 716 The process chamber is c 
r ,Vra:;re-hiscase,butitmaV^^^^^^ 
botwall type. The process chamber of the h 



,,pe can prevent gas from being condensed and 

s'^'^'^- , ,i„ rhuck 11 is arranged on the 

The electrostatic chuck 11 sandwiched 
suscepter 712.lts conductiveJi.m^^^^ 0. polyben- 

2::S;resin.Avar.b.0C.^— 

-TS^rnn:S:-:ti:-nthesuscepter 

712 along the outer rim thereof. 

A high '-<^--v;;r; ;3 3 Niching capaci- 
nectedtothesuscepter7l2 v,a ^^^^^^ ^ 

,or 726 to apply high 'f^quency P 

frequency of u.^d 

suscepter 712. cprves as a plasma 

An upper electrode 730 serves a 

generator electrode ^ , J,.„...ade • 

::rra^n%.a;tyofape^es^7.^^^^ 

rnt:drorprerCpVv3i.-an^thus 

' Ta^t" bouti^-Cbytheh^^^^^^^^^^^^ ^^^^^^^ 
A process gas suppW /^scribed 
with a vaporizer (VAPO) 73^ 

-T^.?TSin-S'--— 

.be r'forming P-ess a rcrntloTer^;^ 
^-''-rthl't^r?t.t;^J-OS supplied 

'° n,a,r^e-34 lo the vaporizer 732. 

from containe, , 3 - ^^^^^ conductive 

30 AS shown in Fib, m h of the 

heating unit 744 is housed .,,,3, 738 

vaporizer 732. The housmg 742 
a.a an outiet 740. T e i.et 38^^ ^^^^^^^^^ 
with the liquid supply .^e hollow 

33 The outlet 740 is communicated 

P°-- rVo'^^it lade Of sintered ce- 

Th ch conlctwe material such as carbon 
ramies in wnicn o ^n.^^js It is preferably ex- 
is contained, and it is porous, t P ^^^.^^^ 
cellent in workability and '^J^^ ^^ , 3,, 
resistance. Terrr^na J47 are^a^ ^^^^^^ 
current is suppl ed frotr^ a P .^^ 
through them. When ^^rther, vibra- 

resistance-heated to about ^^2, sand- 

,5 tors 748 are e-^'^'^^^^, '^^^^etween them. It is 
wiching the J-^J ^^^^ ^he pow- 

P^^'^Tr6\o t'he ea -ng unit 744 and a power 
er supply , he vibrators 748 are con- 

supply (not shown) or the 
trolled by the cor^troller 75a 

It will be described how the vap 
operated. the con- 

When liquid TfcUb lb ^ KK ^^^^^ ^^^^ ^^1^^ 
tainer 734 to the ^aponzer 73 . ^^^^^^ 
,n the porous heating unit 744 and 

„H Rf^rause its contact area wun u ^ k 
TT'o unit 7^ becomes extremely large, its va- 
Srereiiency becomes remarkably higher, as 
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the heawg un,t 744 ano q 
heal resistance layer " ^^t^j ^ further 

cor^vection heat transrri.ss.on .s P^°"^°»^^ 

Accord.ng to the vapor ze ^^^^^^ 

:Se:t:°:s^i-----r 

.ntroduced into the process charr^ber 

using any carrier gas. ^ 

?r a btnl^r otnts to remove unnec- 
essary gas corr^ponents. Further, a censor 756 - 
3,30 Cached to the P-sagyxte^ 
outlet 740 to detect -Aether or not q 

The operation of the aoov,. 
p„.« ™° mo »e process ch.m- 

process chamber 7TU in in =. Hinh Irequency 

«Vo.., eL,l. 7-2 .0 »e--.. 

rTe,r-'-- 'f-'- 

process CamPet ''"^J"' , 
thereof w,th an .nw ^^^^^ ^.^^ 

::;h:^a:;^;e^es^a..^^^^^^ 

o^ed.ate chamber 770 -n the pp 

'^rrrrbyp^^ snr- - that 

' . on oMf^e upper electrode 730A wh,ch ,s op- 
' . ,o the qas P.pe 776 to exhaust unnecessary 
Slo: t^. uppe'r'electrode 730A. Further, plates 



,30a. 7B0b and TBOc.w^-^-^- - 

^^^^^^r:he"o"r%'on7o^oMhe —ate 
rir' T^rlan^nte^a, interposed between 



^^'^^°r7;2BT nc,:des a canter passage 
a vaporizer 732B. it branching from 

782a and Passages 782t> ^d y ^^^^^^ 

r n^unf^^Tin l-e. it enables .,qu,d 

extends do.nsueam U and a ^yP ^^^^^ ^^^^ 

a bypass ^^'^^^f ^ portion of the gas 

further arranged in ^he o ^ J ^^^^^^ ,3 
mixing duct 786. A sxnp ^ ^ 

J tho nas fTiixing duct /of ™ 

, /QiHrui silicon tetrachloride (biou). 
trichlorsilane {S.HCI3). smc TapC^HsH)" 
pentaethoxytantalum ^ . Ta^CHaM. 

pentamethoxytantalum (PMOia 
35 tetrasopropoxytitanium t,{N(CH3),)- 
tetradimethylaminot.tanium t u . 
tetraxisdiethylaminotnaniu- ^DEA 

(CHsbM. titaniurr. t«'-^^'°;';/™'^at rial to 
Ind Cu(DPM). r.ay be -^^^ -J 3,, Sr- 

be vaponzed. '^^^^^^J^^.'f .erroelectnc film 

'^'^^^''Iter WateMH O, ethanol (C.HsOH, 
lormmg material, wa^e v ^^^^^^ 
tetrahydrofuran ('^^^ _^ . (CHs^AIH) 

d.methylaluminiumhydride (DMAH 
« may also be used^ ^^^^^^^ ^ ,3,,, 

A vaporizer 8 9 may ,^3 gOO, as 

— ^rThls%otparatus 800 . 
shown in Flt^. ■ provided with an 

eludes a P—;;,^"3S , process gas supply 
,0 exhaust opening 8 « J"^ "^^^ ^ heater rr^eans 
section 812. a wafer boat 61*= ^^^^^^^ 
818. connected to the ^^f^^,,^ hav- 

8t2 are a process 9- supply l-e o^^J^ ^^^^ 
ing a liquid container 81b M ^gporizer 819 

" ^-"^ ^^^t Jal'Tritrangement as the above- 
is substantially same m a y 
ibed one 732. 
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u o in FIG 42 a conventional vaporizer 

o^ospheric pressure wtixn ^^.^^ 
,,,, 0. ^eat heat transrr.ss,on. 

n^ade o. "^^^^^'^'•."^''"3;1 703 are heated higher 
These heat '^^"^'^'"'"S f ° gferiat by an exter- 
tnan the boilmg point ° "^-^^t^^: p'^.e l,qu,d 

the conventional and 0-7^^°''" J, t,me lapse is 
initial stage ot gas supply, m wnicn i 

AS apparent from Hb^'* y ^^^^ ^^^^g^. 
a predetermined one v, , seconds 
,onal vaporizer, after the '^P- ^.^ve- = 

,„ce the supply of 9^V'te present invention, 
described vaporizer used by the P/^se 
however, it reaches the predetermined flow rate 

without overshooting it. 
Claims 

-»p^». « 

"°''"pp„i.9«*i-»"«»vpr';""""" 




squency 1 



inherent 



uansit frequencies o. said process 

er electrode;_apd 

^i,u,v,..M .fiShuiq^cy power, which has 

-^""=rp:s::n:rpT= 

upper electrode, whereby a plasm^ 

. generated ,n the ^^^^^^l^'^^^^^T^ 
Lted species influence the substrate^o b^ 

jtreated. ^ 

T'^oi^^atment method according to 
The piasmd . > 53-,^ process gas 

riaim 1 characterized in that saio p 
Ttrrmed o- a plurality of compon^^^^^ 
said first frequency i-. is 1 



.nhPrent lower ion transit frequencies of said 
Lsit frequencies of said composite gases. 

, TK« nlasma treatment method according to 
I ;.' Characterized in that the first frequen- 
cy f is lower than the second frequency h- 

, The plasma ^'^-^^-^^^^'Z^:- 
ttisst^rTarrr".-se^^^^ 
?equency.. is set higher than 1 0 MHz. 
, The Plasma t--ent m^hod accor^^- 
c,a,m 4, characterize thauh^ ^^^^,^ 
cy f,is in a range o ^hz - 

second frequency h >n a range 
100 MHz. 

,5 to the upper electrode. 

f, to the lower electrode. 

to the upper electrode. 
3. The plasma treatment ^-^^^^^i^^J^ 

::,crh' s° .r Cncy same as the second 
Cent., and which is amplitude-modu- 
lated, to the lower electrode. 

, irpatment method according to 

to. The plasma 'meatmen ,,,^de modu- 

claim 8, characterized m that amp 
Zon .s carried out to form one of ^'ne. tr an 
gX rectangular and sawtooth waveforms or 
their composite waveform. 
^ , ^= trpatment method according to 

Tch ra er zed in that amplitude modu- 
:Z : carried out to form one 0. sine, tnan- 
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gular, rectangular and sav^ooth wave1orr.s or 
their composite waveform. 

used as the process gas. 

CIF3, CF. and NF3 935^^ ^ baflle '5 

,Har.ber .h„e ^^^^ ^Z.e when 

r::.:rrp;^and.rvc,ean,ngther,ng 
and/or the battle plate. 

Th. nlasma treatment method according to 20 

more cleaning gases seleciea 
consistmg of CIF3, CF. and NF3. 

riPtach.nq the ring and/or the 
the steps of. "^^^^^ electrode when 

'r"\Tstop°ped and wet cleaning tt.e ring 

plasma is stoppea, ci 

and/or the battle plate using at least o 

„g solution selected r ^^^^^ 

isopropylalcohol, water 

, , treatment method according to 
adt^ering becomes larger than a predeter 

■^"'^ Id'nr the battle plate while keeping 
the nng ^./number of particles 

plasma stopped wnen value 
hecorT.es larger than a predetermined 



28 

comprising-. 

a chamber earthed; 

be treated is mounted; 

an upper electrode arranged in the cham 
ber to oppose to the lower electrode; 

means lor supplying process gas to the 
ih*> lower electrode through the 
substrate on tne lu-nci 

"^^^tXot supply connected to the low^ 
e. efectrod'e through a first -^^^^^ 
apply high frequency P-^' ^^J^^^.^^^r ion 
(rpnuencv fi lower than an inhereni u 
trans' trequency of the process gas, to the 

'°^lt:cond%wer supply connected to the 

circuit to apply ^'^"^ 'ZTTlo^e: than an 

cess gas, to the upper electrode; 

cr^^t tiller means for removing high ire 

the lower electrode; and 

H <;itpr means for removing high ire 
second filter me ueauency f. 

quency components of the - 
?rom the high frequency power applied to 
upper electrode. 

rr,o3nc: is connected to a iirsi i-h ■ 

„ec„od.. .n -"fire r. '"^^^^^ 

nected in series lu 
20. The plasma -^tment apparatus according J^^^ 
- ^'^'^^LTSTpTdtn^eLTger then several 

Tn're atwe to the high frequency power having 
he f equ ncy f and an ir.pedar.ce sma 1- 
; , . veral Q relative to the high frequency 
pol having the second frequency J. 

"TaV:e:er^:^e':le '0 the high 

power hav,^ 



16 
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30 



, ,n»r man several kO rela- 
and an ,mpedance larger than se 
tive to the high Irequency power na y 
second trequency h- 

f;omprising;_ ^ 

/_a-€f;Smber earthed; 

"°t1pper electrode arranged in the cham- 
ber to oppose to the lower electrode; 
per lo uwH ,,,„o|^inn process gas to tne 
"''"o the Er electrode through the 
sjbstrate on the lower 

^^^:^;^^;:^ir supply connected to the 10^ 
er electrode through a '-^ ^^^ "a .irst 

uansit irequency of the process gas, 

h.,^ a second frequency h higner 
nher^n. upper ion transit frequency of the pro 
cess gas, to the ^PP-;'!^;°';,' ^j'connected 
an amplitude ^^^^^J^ ^ ^^p^es to r.od- 

-norar^?^=-°-- ^ 

electrode. 

pressure of 10 - 250 o^Torr. 

The Plasn^a treatment aj^ara;^--^^^^^ 
,,3,^ 18, characterized by urther p^ ^^^^^ 

nng. 

crcumference of the lowe 
_t,on products c^^^^^^^ 
rj'and liier r:eans for -^^.^^^ ^o^' 
electrode up and down together with 



means. 

Tg^s'ld "^^-'^ the Chamber opening 
5 'from plasma atmosphere. 

the baffle plate to adjust or '^cwy 

baffle plate is xmeu passed 
r-a,,<;p the process gas, wniui k 
j5 10 cause tne p direction reverse 

rotary pump. 

„ ... T., p...™ 

Clm 26. ch.,.c».»fl in ~' 
to form a step-like hole. 

rrr;;»,..:ppe..»»od. 
"t s « p.**"' 

locmed .n o. "n ■ ,„g,g,„9 

member is maoe u ^cesses are 

,,„pd.n9.,in9P;» 



31 The plasma treatment apparatus accordmg to 
cla,m 29. characterized ir. that sa,d cover 
^emtjer includes a wall member to cover 

upper inner wall of the chamber. ^ 

32 The plasma treatment apparatus according to 
' cla,m'l8, Characterized in t^at ar. jsul^-g 

layer 3 mm or more thick. ,s lormed at least 
on the inner side wall ot the chamber. 

33 The plasma treatment apparatus according to 
cla>m 18. charactenzed by lurther compns.ng a 
vaporizer for vaporizing "^^-^ pater a < o- 
«hich the process gas is created, -^-'-^^^l 
vaoorizer includes a housmg provided with a 

S material inlet communicated with a qu^ 
lenal supply supply and with a proc s ga 
outlet communicated with the chamber^ and a 
porous conductive heating unit arranged ,n the 

housing. 

34. The plasma ^-tment apparatus according^to 

"r ib at He porous con- 
incluoes vibrators ml. -a.- 

35 The plasma treatment apparatus according to 
CI 33, Characterized in that said vaporizer is 
arrL"gedad,acent to a process gas introducing 

section of the chamber. 
36. The plasma treatment apparatus according to 
claim 33, characterized in that said vaporizer is 
made integral to the process gas introducing ^ 
section of the chamber. 
37 The plasma treatment apparatus according to 
■ claim 33, charactenzed by further comprising a 
by^'ss arranged between the vaporizer and 
the process gas introducing section wherein 
,he process gas outlet of the ^aponzer is se- 
lectively communicated with one of he bypass 
and the process gas introducing section. 

38. The plasma treatment apparatus according^.o 

Claim 33, J^J,eZr.cs. 
conductive heating unit is a simete 

39 The plasma treatment apparatus according to 
n 33, Charactenzed in that a passage 
Lough which liquid material .lows is formed ,n 
the porous conductive heating unit. 

40 The plasma treatment apparatus according to 
claim 33, charactenzed m that a second gas 
ntroducing opening is lormed downstream the 
vaoonzer and a gas mi.-ng passage through 
which plural gases are mixed e^ctends down- 
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stream the second gas introducing opening. 
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